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IN TR O D U C TIO N

Several theories that attempt to explain behavior under schedules
of negative reinforcement (the termination or avoidance of aversive
stimulation) have been proposed.

Hermstein and Hineline (1966), in

an experiment that took attention away from the old "two factor"
theory of avoidance learning^, established the cornerstone for much
of the research that followed.

The acquisition and maintenance of

responding under a classical unsignalled avoidance procedure (Sidman,
1953) had long been viewed as the result of an interaction between the
classical conditioning of a fear state (Mowrer, 1947), secondary noxi
ous stimuli (Schoenfeld, 1950) or aversive stimuli generated by the
passage of time (Anger, 1963) and an instrumental response serving
the animal to get rid of those stimuli.

Herrnstein and Hineline ex

posed their subjects to a procedure in which two separate steppers
each controlled different distributions of shock presentation.

One

stepper scheduled shocks as long as the subject failed to respond,

^-The term "avoidance" or "avoidance learning" has recently fre
quently been misused. It was originally (Hilgard & Marquis, 1940)
meant to refer to those procedures in which a response would preclude
the delivery of a scheduled shock in response independent schedules
of shock presentation. The term now is also used to refer to those
procedures in which responses cancel scheduled shocks or induce a
transition from one component of a schedule to another component
where the components differ in frequency or rate of shock presentation.
We would like to refer to those latter procedures as "procedures of
negative reinforcement" and reserve the term "avoidance" for those
procedures in which responses only preclude the presentation of
scheduled shocks.

1
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the other stepper was in effect after lever depressions.

A timer

checked one or the other stepper once every two seconds and a shock
was delivered with a probability of .30 if the animal had not responded.
If the animal had made a response however, shocks were delivered with
a probability of .10.

Control of shock presentation was returned to

the original stepper as soon as the subject had received one shock
from the .10 probability distribution.

Seventeen out of eighteen

animals developed stable responding under this procedure.

Herrnstein

and Hineline concluded that behavior could be generated and maintained
by reducing the frequency of shock following the occurrence of behavior.
They thus brought the area of negative reinforcement procedures within
the theoretical framework of instrumental conditioning in which the
occurrence or non-occurrence of behavior is solely determined by the
environmental stimuli that precede and the consequences that follow
that behavior.

They did not, however, attempt to treat the complex

implications of their theory and refrained from analyses that address
ed themselves to questions such as the time periods over which the
subjects integrated the different shock frequency distributions.
In a follow-up study, Hineline (1970) exposed sixteen rats to two
different experimental conditions.

In one of them, a lever was

inserted into the experimental chamber at the start of a 20 sec cycle.
If the rat did not press the lever, a brief shock was delivered at the
eighth sec of the cycle, and the lever was retracted at the tenth sec.
If the rat made a response before the eighth sec of the cycle, the
lever was retracted and shock presentation was delayed until the
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eighteenth sec of the cycle.
the twentieth sec.
rats.

A new cycle was again initiated at

Stable and frequent responding was produced in all

In the second experiment of the same study the subjects were

exposed to a very similar procedure.

Again, the insertion of the lever

into the chamber would initiate a 20 sec cycle.

The same contingencies

as in the first experiment were in effect if the rat failed to respond.
If the rat made a response, however, the lever was retracted immedi
ately and one shock was delivered eight seconds after the occurrence
of the response.

Two seconds later the lever would be reinserted and

a new experimental cycle would start over again.

Most of the rats

under this procedure responded on fewer than 30 percent of all trials.
Hineline concluded on the basis of data from his first experiment that
behavior under schedules of aversive stimulation can be generated and
maintained when a response leads to an immediate delay of shock pre
sentation, even when the long-term rate of shock presentation for
responding and not responding is kept constant.

Experiment 2 indicated

that responding will not occur if a response leads to a delay in shock
presentation associated with an increase in shock frequency.
Gardner and Lewis (1976) extended Hineline's findings by exposing
their subjects to a procedure in which they could choose between an
imposed and an alternate component.

An average rate of two shocks

per minute occurred in the imposed component if the subject failed to
respond.

If the subject did respond, however, the alternate component

came into effect, in which a train of unavoidable shocks was presented
after a delay that varied over the different experimental conditions.
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Gardner and Lewis demonstrated that rats will continue to respond in
the imposed component to produce the alternate component.

The pro

bability of responding increased as the delay to shock in the alternate
component increased.

They also showed that responding in the imposed

component can be maintained when it leads to a delay in shock and a
simultaneous increase in shock frequency in the alternate component.
Although this last finding seems to contradict Hineline's earlier
data, a procedural difference can account for the discrepancy.

In

Hineline's procedure the delay between a response and shock onset
did not exceed eight seconds.

Gardner and Lewis employed delays be

tween the response induced change to the alternate condition and
shock onset that, dependent upon the different conditions of the ex
periment, varied from 151 to 160 seconds.

Gardner and Lewis concluded

that response induced delay to shock onset is sufficient to support the
acquisition and maintenance of responding, even when responding results
in an increase in obtained shock frequency.
One of the first attempts to bring Herrnstein's (1970) theoretical
analysis on schedules of positive reinforcement to bear on schedules
of negative reinforcement was that of De Villiers (1972) in an experi
ment that investigated the interaction of reinforcement and response
rate in multiple random-interval (RI) avoidance schedules.
used the following procedure.

De Villiers

After training on an unsignalled avoid

ance task and a single random-interval (RI) avoidance schedule, three
rats were exposed to two different procedures, a multiple RI 15 - RI 15
followed by a multiple RI 15 - RI 60 seconds avoidance schedule.
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components of the multiple schedule were three minutes in duration and
each response would only cancel the next scheduled shock.

De Villiers

showed that a marked contrast effect would occur in the component that
remained constant, when the multiple RI 15 - RI 15 schedule was changed
to a multipled RI 15 - RI 60 avoidance schedule.

If shock frequency

reduction was substituted for the positive reinforcement variable, this
contrast effect was very well described by an equation proposed by
Herrnstein in 1970 to describe contrast effects in schedules of posi
tive reinforcement.

In another experiment, De Villiers (1974) showed

that a rat's lever-press behavior under single and multiple randominterval avoidance schedules is a function of the relative shock fre
quency reduction, a finding which confirmed Herrnstein's findings on
schedules of positive reinforcement.
Baum (1973) verified the matching relation between relative rate of
responding and relative rate of reinforcement for concurrent schedules
in which reduction in the rate of presentation of aversive events con
stituted the independent variable.

He exposed four pigeons to a pro

cedure in which brief electric shocks were presented at the rate of one
shock per second.

By standing on one or the other side of an experi

mental chamber, the subjects could earn a 2 min time-out from shock.
The time-outs for both sides of the chamber were scheduled by two con
current variable-interval schedules, the timers of which ran indepen
dently of each other.

If a time-out was scheduled on one side of the

chamber while the animal was on the other side, the timer was stopped
and the time-out was delivered when the animal changed sides again.
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A one second change-over delay (COD) prevented a time-out from being
delivered contingent upon a change over from one side of the chamber
to the other.

Although the data for individual subjects varied con

siderably within as well as between conditions, Baum concluded from
his experiment that a reduction in the rate of aversive stimulation
entered the matching relation as described by Herrnstein, in much the
same way as the rate of food presentation in schedules of positive
reinforcement.

The subjects allocated different amounts of time to

different sides of the experimental chamber dependent upon the sche
dules of time-out presentation on each side.
Another approach to the determination of the source of reinforce
ment in schedules of aversive stimulation was taken by Badia and his
co-workers.

Badia, Coker and Harsh (1973) published an experiment in

which they subjected their animals to a choice procedure of the fol
lowing form.

After baseline training, which consisted of the presenta

tion of tone signalled unavoidable shocks under a correlated stimulus,
the subjects were placed in a change-over procedure.

The session

would start with a schedule component in which no correlated stimulus
was present and in which unsignalled shocks were delivered on a variable
time 4 min basis.

In this imposed component a change-over delay was

scheduled with the onset of every shock.

A change-over response on

either of two levers would change the stimulus conditions present in
the experimental situation.

Each shock in the second component was

preceded by a tone that was presented 5 sec before the onset of the
shock.

Additional lever presses during this component, which was in
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effect for 3 min, were ineffective.

The alternative component was

correlated with a distinctive exteroceptive stimulus.

The results of

the experiment indicated that the subjects preferred to spend most
of the session time in the component where the shocks were preceded
by a signal.

In a different condition of the same experiment, signal

led shocks were delivered on a variable-time 2 min basis.

The sched

ule of shock presentation in the unsignalled component remained the
same (VT 4').

Again, the subjects preferred the signalled over the

unsignalled component despite the fact that the frequency of shock
presentation in the signalled component was twice the frequency of
shock presentation in the unsignalled component.

Badia et al. dis

cuss the results of their experiment in terms of the reinforcing
effects of stimuli that signal shock-free periods (safety analysis).
Rats prefer a situation in which a signal precedes a shock over a sit
uation in which that is not the case, because of the fact that in such
situations shock and shock-free periods are easily discriminable.
The transition from a situation in which shocks are not preceded by
an exteroceptive stimulus to a situation in which they are, has rein
forcing properties.
Several follow-up studies support the notion proposed by Badia
and his co-workers.

Harsh and Badia (1975) used a procedure similar

to the one described above to investigate the effect of shock inten
sity upon the preference for the component with signalled shocks.

At

low shock intensities subjects tended to remain in the unsignalled
component.

At higher shock intensities (above 1mA) the probability
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of choosing the signalled component increased and varied systematically
at least over part of the range of shock intensities.

Harsh and Badia

(1976) showed that, when inter-shock intervals were varied systema
tically, the choice of the signalled condition is directly related to
the average inter-shock intervals.

The percent of total session time

spent in the signalled component was highest for inter-shock intervals
between 150 and 510 sec and lowest when the inter-shock interval
averaged 45 sec.
Badia, Harsh, Coker, and Abbott (1976) elaborated upon previous
research in an experiment that tried to assess which of the manipula
tions in the independent variables was responsible for the occurrence
of responding in situations where subjects can choose between a situa
tion with signalled shocks and one in which shocks are not signalled.
Two variables were manipulated in two different experiments.

During

the change-over condition in both experiments, the unsignalled com
ponent was in effect at the beginning of the session.

In this com

ponent no correlated stimulus was present and shocks were not pre
ceded by a signal.

By pressing a lever the subjects could change the

unsignalled component into a signalled one.

Once a lever press was made,

the signalled component remained in effect for one minute and additional
responses were recorded but had no scheduled effects.

In the signalled

component, which was always correlated with a discriminative stimulus,
shocks were preceded by an exteroceptive stimulus.

During the signalled

component two variables were manipulated parametrically.

In the first

experiment, the probability of a shock following a signal was gradually
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reduced from 1.0 to 0.02, by keeping the number of signals constant
but varying the number of signals followed by a shock.

The probabili

ty of a shock' not preceded by a signal remained constant at 0.00.
Experiment 2, the reverse was true.

In

That is, in the signalled compon

ent, the probability of a signal followed by a shock remained constant
at 1.00, while the probability with which the absence of a signal iden
tified a shock-free period was gradually decreased from 1.00 to 0.02,
by keeping the number of shocks constant but varying the number of
shocks preceded by a signal.

The data obtained in the experiment

indicate that the subject’s choice of the signalled component was
relatively unaffected by varying the dependability of a stimulus
identifying a shock period.

The subjects in Experiment 1 spent most

of the session time (80-90%) in the signalled condition, even if the
signal predicted shock in only two percent of all cases.

The results

of Experiment 2 on the other hand showed that as the probability of the
absence of a signal predicting a shock-free period was systematically
decreased, that is, as more and more shocks in the signalled component
were not preceded by a signal, the percentage of session time spent in
the signalled component decreased accordingly.

The parametric varia

tion in the degree of dependability between a shock and a preceding
signal resulted in a variation in the behavior of the subjects that
reflected the manipulations in the independent variable.

Badia et al.

consider this to be evidence that strongly supports their safety
analysis which is used to explain the occurrence of responding under
schedules of negative reinforcement.

Biederman and Furedy (1976)

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

quite eloquently showed that Badia et al.'s research may have suffered
from some confounding factors.

They pay special attention to the pos

sibility of unauthorized shock intensity reduction, as a result of the
construction of the apparatus that was used in most of their experi
ments.

They also point to a methodological error that may have con

founded their results.

We shall discuss this problem later in this

introduction.
Lewis, Gardner, and Hutton (1976) in an attempt to answer the
question which of two variables in an unsignalled avoidance procedure
(the delay between a response and the next shock or the reduction in
overall shock frequency) is responsibile for the acquisition and main
tenance of behavior, exposed their subjects to the following sequence
of events.
ponents.

In Experiment 1, rats could choose from two schedule com
One was an imposed component in which shocks were delivered

at irregular intervals (VT 30").
start of the experiment.

This component was in effect at the

Responses, except those made during a period

of 2.5 sec following each shock, caused a transition from the imposed
component to the alternate component.

The alternate component which

lasted for three minutes and during which additional responses were
ineffective, can be characterized as follows.

In experimental Treatment

1, the next scheduled shock from the imposed component would be deliver
ed and 170 sec following the onset of the alternate component a train
of five shocks, spaced 1 sec apart, would be activated.

Five seconds

after the onset of the last shock in the train, the imposed component
would be reinstated.

Experimental Treatment 2 was identical to
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experimental Treatment 1 except for the fact that the train of five
unavoidable shocks would be delivered 160 sec after the onset of the
alternate component.
secs.

The imposed component was reinstated after 15

The interval between the offset of the shock train and the rein

statement of the imposed component was increased in experimental
Treatment 2 to minimize the possibility of post-shock responding car
rying through in the imposed component.

A control condition in which

shocks were delivered on a variable-time 30 sec schedule in both
components formed the last part of Experiment 1.

The data of the

experiment indicate that all subjects spent large amounts of the total
session time in the alternate component.

Successive exposure to the

experimental procedure resulted in an increase in the time spent in
that component.

When the control condition was introduced the time

spent in the alternate component decreased significantly.

In Experiment

2, eight other subjects were exposed to a procedure in which a choice
had to be made between an imposed and an alternate component.

In the

imposed component unavoidable shocks were delivered on a fixed-time
30 sec (FT 30") schedule.

Responses, except those emitted within 5

sec from shock presentation in the imposed component, would take the
subjects into the alternate component.

All shocks, both in the imposed

and the alternate component were preceded by a 4.5 sec tone.

Two dif

ferent alternate components were presented to the subjects in differ
ent sequences.

In experimental Condition A, the alternate component

contained the next shceduled shock from the FT 30 sec schedule and
a train of 9 shocks, 5 secs apart and beginning 230 secs after the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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onset of the alternate component.

The imposed component was. rein

stated 30 secs after termination of the shock train.

In experimental

Condition B, the alternate component contained the next two scheduled
shocks from the FT 30 sec schedule in the imposed component and a train
of 8 shocks, 5 secs apart and beginning 235 secs after onset of the al
ternate component.

Thirty secs after the termination of the train

of shocks, the imposed component was reinstated again.

The results of

the experiment, as summarized by the authors, showed that rats acquired
the bar-press response, even though responding did not influence the
delay to the first shock nor the rate of shock presentation.

Two

animals with extensive experimental histories, spent large amounts of
the total session time in the alternate condition even when responding
led to no change in the delay to the first two shocks and to no change
in overall shock frequency.

Lewis, Gardner, and Hutton conclude from

their data that neither an immediate increase in delay to the first
shock nor a reduction in overall shock frequency are necessary for the
acquisition and maintenance of responding under schedules of negative
reinforcement.

In doing so, they refrain from those analyses that

previously (Gardner and Lewis, 1976; Herrnstein and Hineline, 1966;
Herrnstein, 1969) had been offered as an explanation.

Instead they

promote an analysis first proposed by Baum (1973b). Baum viewed
avoidance schedules as two situations.
before a response, one after a response.

One situation is in effect
If the probability of occur

rence of a response increases when the response changes one situation
into another one, the transition from that one situation to the other
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can be considered to be reinforcing to the subject.

Lewis, Gardner,

and Hutton therefore came to the conclusion that the integrated delays
in the absence of responding versus the integrated delays to shock
following a response, was the important aspect in the manipulation
of the independent variables that was responsible for the occurrence
of behavior in their experiment.
Although suggested by several authors (Badia, Harsh, Coker and
Abbott, 1976; Baum, 1973(a); De Villiers, 1972, 1974; and Lewis,
Garnder, and Hutton, 1976), a direct analysis of variables responsible
for the occurrence of the behavior under schedules of negative rein
forcement, analogous to analyses that have been udertaken for schedules
of positive reinforcement, has as of yet not been available.

The

molar research that has been carried out on schedules of positive rein
forcement strongly indicates that behavior under such schedules is a
function of long term averaged contingencies between a response and
a reinforcer that follows that response, as well as a function of a
momentary relation between those events.

Many of the results obtained

under schedules of negative reinforcement and cited above seem to in
dicate the possibility of a similar process at work under such schedules.
The research, up until now though, has concentrated on momentary rela
tions.

One of the most important reasons for this approach has been

the fact that traditionally behavior under schedules of negative rein
forcement has been investigated under procedures with specific character
istics.

The manipulations in the independent variables which were held

responsible for the occurrence or change in the behavior of the subject
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have consequently been defined within the boundaries that were set
by the specific procedures that were employed.
All of the experiments referred to, except the ones done by Baum
and De Villiers, are examples of such procedures.

Herrnstein and

Hineline allowed only one shock to occur after a response produced change
in stimulus conditions and changed experimental conditions immediately
after that shock without any reference to the subject's behavior at
the time of that change.

A response produced reduction in shock fre

quency was defined by one response and one shock that followed that
response.

Hineline (1970) used a specific trial procedure and referred

to the fact that an immediate obtained delay to shock onset was re
sponsible for the occurrence of behavior.
Badia and his co-workers refer to their procedure as revealing
"preference" in the subject's behavior, despite the fact that only
the transition from the unsignalled to the signalled component was con
trolled by the subject, while the change in the other direction was
manipulated by the experimenter.

They suggest that the subjects pre

ferred the signalled over the unsignalled component and do not refer
to the fact that at least some of the manipulations of the independent
variable possibly confound the interpretation of their results.

Biederman

and Furedy (1976) point to the fact that Badia et al.'s procedures were
in error in several aspects.

They specifically point out that the

procedure they used was not specifically arranged as to measure pre
ferences between the two components and not some other form of behavior
(responding or not responding), and also that the outcome for one of the

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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two components might have been biased independently of the rat's real
preference.
The same kind of critique is applicable to the experiments that
were done by Gardner and Lewis and Lewis, Gardner, and Hutton.

They

too employed a procedure in which the change in components in one
direction was response dependent, the transition in the other direction
was manipulated by the experimenters.
It is conceivable, thus, that some of the manipulations in in
dependent variables that are postulated as being responsible for the
occurrence of behavior under schedules of negative reinforcement are
a direct by-product of the limitations that were enforced by the pro
cedures used to investigate the effects of the manipulations.
Research done on schedules of positive reinforcement suggests
a way in which the dilemma can be solved.

The functional relations

between behavior and manipulations in independent variables under
those schedules were established using procedures that had two dis
tinctive characteristics.

First of all, two schedules of reinforcement,

each associated with its own exteroceptive stimulus are scheduled such
that only one of them is active at a given point in time.

Second,

which one of the two is active is determined not by the experimenter
but by the subject whose behavior is being investigated.
The present experiment tries to approach such a procedure and
employs different schedules of presentation of aversive events as its
main independent variable.

It is assumed that in doing so, an exper

imental basis will be established upon which variables responsible for
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the acquisition and maintenance of behavior under schedules of posi
tive and negative reinforcement can be evaluated.

Such an analysis

may lead to a better understanding and a more comprehensive description
of those variables of which behavior, be it controlled by positive
or negative environmental events, is a function.
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METHOD

Subjects

Six, experimentally naive, male albino rats served as subjects.
The animals were donated by the Upjohn Company of Kalamazoo and were,
when first obtained, approximately 90 days old.

They were individual

ly housed and kept at about 85% of their free-feeding weight by
limiting their daily access to water.

Water was available during

15 minutes after each experimental session.
was always ad libitum available.

Purina laboratory chow

One of the subjects died from natural

causes before the last condition of the experiment was implemented.
Another one was taken out of the experiment in the last condition when
self-mutilating behavior started to occur.

Apparatus

Six identical experimental chambers were used, each of which was
13 cm deep, 20cmwide and 17 cm high.

The ceiling and walls were

made of plexiglass, the interior surface of the walls was covered
with aluminum.

The floor of each chamber consisted of four tubular

grids, each 1.8 cm in diameter, through which shocks could be deliver
ed.

The grids were spaced 3.8 cm apart, center to center.

Shocks

of 325 VAC with a current value of 2 mA were generated by an electric
shock generator (Snapper, 1966) and delivered through grids, walls
and lever of the experimental chamber.

The manipulandum, a rodent

17
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lever (BRS/LVE 121-05), projected 3 cm into the chamber, 2.5 cm from
the lefthand wall and approximately 7 cm above the gridfloor.

The

lever required a minimum effective force of 0.20N to be operated and
when operated produced a light clicking sound.

A tone generator

(Sonalert model SC 628), located on the lefthand wall, provided the
auditory stimulation.
Each experimental chamber was enclosed in a sound attenuated
cabinet.

The cabinet contained a houselight and a fan.

Extraneous

sounds were masked by white noise produced by a speaker connected to
a Grason-Stadtler (model 901B) white noise generator.
The programming of the experimental conditions and the recording
of the data were accomplished by means of a PDP8/E computer (Digital
Equipment Corporation). The computer was located in an adjacent room.
The experimental chambers were connected to the computer through an
interface provided by State Systems Inc. of Kalamazoo.

The control

ling software, SKED, allowed for programming and data analysis while
the experiments were running (Snapper, Stephens, Cobez and van Haaren,
1976).

Procedure

The basic procedure was the same for all experimental conditions.
At the start of each experimental session, a houselight would come on
and stay on for the entire session.

Simultaneously, a timer would

start the timing of a variable time 3 min interval (VT 3'), during
which shocks were delivered as scheduled by a variable time 8 sec
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(VT 8") schedule (Component A). Whenever Component A was in effect
a buzzer would accompany its presence.

If the animal made a response,

the experimental conditions changed and another variable time shock
schedule (Component B) came into effect.

The next response of the animal

would again change Component B to Component A.

If the animal did not

make a response, Component A and B alternated according to the VT 3'
schedule.

All variable time schedules used in the experiment were

generated by means of the equation specified in Catania and Reynolds
(1968).
Changes from Component A to Component B and vice versa could
thus be caused by two events; either the VT 3 ’ timer would time-out
and change the schedule independent of the animal's behavior, or a
response of the subject would cause the transition.
All shocks presented in Components A and B consisted of one sweep
over the four shock grids and lasted for a total of 0.12 sec.
To avoid spurious contingencies between shock elicited bounce
responding and changing over, a 1 sec change-over-delay was scheduled
beginning with every response.

Figure 1 provides a state graph of

the basic experimental procedure.
Throughout all conditions of the experiment the schedule of shock
presentation in Component A was kept constant (VT 8").

The shock

schedule in Component B changed over conditions.

In the first con

dition, no shocks were delivered in Component B.

Thereafter, variable

time shock schedules of 32 sec (Condition 2), 16 sec (Condition 3),
8 sec (Condition 4), and 4 sec (Condition 5) were introduced sequentially
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Figure 1:

State diagram of the most important aspects of the procedure.
An R12 which is generated at the beginning of the session
initiates all state sets (SS). In state set 1, the stimu
lus correlated with Component A is turned on and off when
ever the VT function in state set 2, that times components
changes on a VT 3 min basis, produces a Zl. If a Z1 occurs
while state 2 in state set 1 is active, a Z3 and Zll are
produced. The Z3 deactivates the shock generator in Com
ponent A (state set 3) and activates state 3 in state set
4 which is the shock generator in Component B. If a Zl
occurs while state 3 in state set 1 is active, a Z4 and
Z12 are produced, which reverses the process in state sets
3 and 4. State set 5 handles the response changeovers.
If an RI occurs in state 2, the correlated stimulus is turned
off and a Z3 which handles the interactions in state sets
3 and 4 is generated and a 1 second delay is initiated. State
set 5 now is in state 4 and the next response will generate
a Z4, turn the stimulus on again and initiate the 1 second
delay. The Zll and Z12 which were generated in state set 1
make sure that state set 5 is in phase with state set 1.
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in Component B.

Table 1 provides an overview of the number of sessions

each animal was exposed to in the different experimental conditions.
As can be seen in Table 1, all animals were initially trained under
the first condition in sessions which lasted for 120 min.

Thereafter,

they were exposed to the same condition, but the total session duration
was increased to 240 min.

For all other conditions the session dura

tion was kept constant at 240 min.

Sessions were run daily, unless

extraordinary circumstances prevented doing so.

Conditions were changed

when inspection of a day-to-day graph, which plotted the relative time
spent in Component B of the schedule, revealed relative consistency in
the subjects' behavior.
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Table 1:

Number of sessions in each condition.
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RESULTS

A

s umma r y

of the data upon which the calculations for Figures

2 and 3 and Table 2 were based is given in Appendix A.

All data were

collected over the last two days of each condition and the data for
those subjects that did not complete all conditions of the experiment
were excluded from the analysis.

Figure 2 depicts for each subject

the percentage of total session time that was spent in Component B
of the schedule, over the different conditions of the experiment.

The

percentage of total session time was calculated by dividing the time
spent in Component B by the total session duration.

The amount of time

each subject spent in Component B was closely related to the relative
shock frequency that was presented in Component B.

In Condition 1

all four subjects spent approximately 95% of the total session duration
in Component B, which contained no scheduled shocks at all.

In Condi

tion 2, during which the shock frequency in Component B averaged one
fourth of the scheduled shock frequency in Component A (VT8I!/VT32"),
three out of four animals spent more than 80 but less than 95% of the
total session time in Component B.
vious exception.

One animal (624) was a very ob

In Condition 3, during which the shock frequency

ratio averaged one third, all animals spent more than the expected
66% of the total session time in Component B.
74% was obtained.

An average of about

Condition 4 represents the condition during which

shock frequencies in Component A and Component B were equal.

All

animals spent about 50% of the total session time in each component.
25

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 2:

The percentage of total session time spent in Component B
of the schedule over the last two days of each condition.
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Figure 3

The relative time spent in Component B as a function of the
relative shock frequency in Component B. The negative
diagonal indicates perfect matching.

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

29

1.0 0
623
624
625
630

I)

0.9,

0.7,

0.6.

TO

COMPONENT

0.8

ALLOCATED

0.2

RELATIVE

0 .3

TIME

0 .5

0.4

0.1

0.00

0.1

0.2

R E LA T IV E

0.3
0 .4
0.5
0 .6
SHOCK FREQUENCY IN

0.7
0 .8
COMPONENT

0.9
B

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The shock frequency in Component B in Condition 5 averaged twice the
shock frequency in Component A.
accordingly.

The behavior of all subjects changed

An average of about 36% of the total session duration was

spent in Component B.

Figure 3 plots the relative time spent in Com

ponent B to the scheduled relative shock frequency in the same component
for each subject under each of the different experimental conditions.
Relative time allocation was obtained by dividing the total time al
located to Component B by the total session duration.

Relative shock

frequency was obtained by dividing the average number of scheduled shocks
in Component B by the average number of shocks scheduled in Component
B plus the average number of shocks scheduled in Component A.

The

data points for each subject were obtained by averaging over the
last two days of each condition.

Despite considerable variation both

within and between subjects, a functional relation between manipula
tions in the independent variable and resulting changes in the behavior
can be observed.

The functional relation approximates the perfect

matching function that is indicated by the negative diagonal.
The number of change-over-responses made by each subject in the
different components over the different conditions is tabulated in
Appendix A.

Although considerable variation between subjects can be

observed, the number of change-over-responses increased gradually over
conditions up until the last condition of the experiment.

Subject

625’s change-over-behavior was hardly influenced by changes in exper
imental conditions.

For the other three subjects, the number of

change-over-responses dropped again with the introduction of Condition
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5.

The number of change-over-responses from Component A to Component

B was, with an exception for Condition 1, approximately equal to the
number of change-over-responses in the other direction.
The mean inter-shock interval obtained in each component of the
schedule is summarized in Table 4 for all five conditions of the ex
periment.

The mean inter-shock interval obtained in each component

was calculated by dividing the actual number of shocks obtained in each
component by the time spent in that component.

Considerable variations

in obtained shock frequencies are quite obvious.

The mean inter-shock

interval that was scheduled for all conditions in Component A averaged
8 sec.

In Conditions 1 through 4, the mean inter-shock interval ob

tained in Component A was, with an exception for Subject 625, greater
than the mean inter-shock interval that was scheduled for that compon
ent.

Inspection of the mean inter-shock interval obtained in Component

B during Conditions 1 through 4 reveals a similar pattern.

With an

exception for Subjects 625 and 630 in Condition 2, the shock frequency
obtained in Component B was less than the shock frequency that was
scheduled for this component in those conditions.

The obtained shock

frequencies in Condition 5 equalled the scheduled shock frequencies
within acceptable limits, with an exception for Subject 624, whose
obtained shock frequency in Component A was considerably smaller than
the shock frequency that was scheduled for that component.
Inspection of Appendix A and Table 4 suggests some interaction
between the number of change-over-responses made during the different
components and the shock frequencies that were obtained during those
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Table 4:

Obtained inter-shock interval (in sec) during Components
A and B over the last two days of each condition.
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TAB LE 4

OBTAINED INTER-SHOCK INTERVAL (IN SEC) DURING COMPONENTS
A AND B OVER THE LAST TWO DAYS OF EACH CONDITION
~

--

— ■■

---- .------- --- -- --■— -------- --Subjects

623
Condition 1
Comp A VT8"
Comp B —

624

625

630

8.37

8.40

16.12

19.41

12.13

11.02

10.96

9.27

Condition 2
Comp A VT8"
Comp B VT32"

12.49
35.45

13.10
34.78

18.57
71.89

17.41
68.44

10.06
32.69

11.06
31.88

10.80
32.29

10.83
32.68

Condition 3
Comp A VT8"
Comp B VT16"

14.18
40.43

16.94
47.73

24.41
94.04

20.88
56.40

8.82
19.56

8.83
19.67

21.61
46.63

14.71
41.05

Condition 4
Comp A VT8"
Comp B VT8"

14.58
10.55

14.58
11.00

40.67
19.95

53.79
20.58

7.02
8.94

8.28
8.06

31.27
17.75

22.49
13.14

Condition 5
Comp A VT8"
Comp B VT4"

9.62
4.29

9.32
4.33

37.09
6.75

20.02
5.40

8.35
3.69

8.27
4.00

9.60
4.30

10.25
4.50

Lo
U>
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components.

Several other measures were obtained that shed some light

on the nature of the interaction.

Table 2 summarizes the number of

shocks that were received in Component A and B and the number of
shocks that should have been received given the time that was spent
in those components.

Large discrepancies between the two measures

exist, the size of the discrepancy being dependent upon the number
of change-over-responses that were made.

The difference is extremely

clear for Subject 624 who decreased the number of shocks received in
each component between 40 and 80% in different conditions.

The data

for Subjects 623 and 630 reflect a similar trend, although to a lesser
extent.

Subject 625, whose change-over-behavior remained low during

all conditions of the experiment received approximately all shocks that
could have been received given the amount of time that was allocated
to the different components of the schedule.
Table 3 gives a summary of the percentage of response change-overs
to Component A, followed by a response change-over to Component B,
where no shocks were obtained in either component between those response
induced change-overs.

Those data, that were obtained from a data-file

in which all events that took place in the experimental situation
during a particular session were recorded, are incomplete, but never
theless reflect a general trend.

The data for Subject 630 during

Condition 2 were not analyzed, because of the fact that the number of
responses in the different components was very low, the data for
Subject 624 during Condition 5 and for Subject 630 during Condition
4 could not be retrieved.

All animals changed, during all conditions
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Table 2:

The number of shocks received in each component (AREC) and
the number of shocks that were scheduled given the time spent
in those components (ASCH) during the last two days of each
condition.
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TABLE 2

THE NUMBER OF SHOCKS RECEIVED IN EACH COMPONENT (AREC) AND THE
NUMBER OF SHOCKS THAT WERE SCHEDULED GIVEN
THE TIME SPENT IN THOSE COMPONENTS (ASCH) DURING
THE LAST TWO DAYS OF EACH CONDITION

Subjects

Condition 1
TrrrQW / ASCH
™
/_ AREC
Condition 2
ASCH
AREC
VT8"/VT32"
BSCH
BREC
Condition 3
ASCH
AREC
VT8"/VT16"
BSCH
BREC
Condition 4
ASCH
AREC
VT8"/VT8"
BSCH
BREC
Condition 5
ASCH
AREC
VT8"/VT4"
BSCH
BREC

625

624

623

630

107
102

120
115

62
31

58
24

112
74

145
105

71
52

80
69

250
160

227
120

540
233

579
266

237
189

180
130

127
94

144
106

382
345

394
363

296
132

288
135

389
381

405
405

416
413

412
404

354
167

345
195

561
184

551
211

511
464

447
405

381
141

410
223

692
232

702
278

576
98

621
166

640
524

673
547

670
230

656
256

800
439

852
467

884
174

901
134

682
647

862
832

852
218

882
314

914
693

850
618

758
304

738
287

1114
996

935
928

794
358

882
482

1211
1007

1251
1074

987
213

1076
430

1024
980

1121
1084

1116
930

1182
923

1056
983

995
918

1255
744

1193
883

1544
1558

1340
1339

1249
1160

1100
977
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Table 3

Percentage of response induced change-overs from one com
ponent (A) to the other component (B) and vice versa, with
out any intervening shocks.
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TABLE 3

PERCENTAGE OF RESPONSE INDUCED CHANGE-OVERS FROM
ONE COMPONENT (A) TO THE OTHER COMPONENT (B) AND VICE VERSA,
WITHOUT ANY INTERVENING SHOCKS

Subjects
'

Condition 2
VT8" A
VT32" B
Condition 3
VT8" A
!
VT16" B
l

81
45

81
50

74
79

71
78

90
78

87
68

81
88

67
76

j Condition 4
I
VT8" A
|
VT8" B

73
57

Condition 5
VT8" A
VT4" B

35
31

|
j
1

630

624

623

92
88

86
85

54
59

52
50

89
81

42
41
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of the experiment except Condition 5, over from Component A to
Component B, without receiving a shock in Component A in about 85% of
all instances of such a change-over.

Response change-overs from

Component B to Component A were, with an exception for Subject 623
in Conditions 2 and 4, not intervened by any shocks in approximately
80% of such instances.

The data available for Condition 5 show that

during this condition relatively more response induced change-overs
were intervened by one or more shocks.
Figure 4 plots the percentage of the total response-response
latencies smaller than 4, 8, 16, 32, and 64 sec respectively in
Components A and B in the different conditions of the experiment.
Subject 623 changed in Condition 2, once Component A was entered,
back to Component B before 4 sec had elapsed in Component A, in 68%
of all instances.

In Condition 3, this percentage increased to 79%

and in Condition 4 it was approximately equal to 49%.

At the same

time latencies in Component B varied quite dependent upon the schedule
of shock presentation present in Component B.

In Condition 2 a

response change-over to Component A was initiated 70% of all instances
after at least 16 sec in Component B had elapsed.

In Condition 3 the

percentage of latencies greater than 16 sec was 52 while in Condition
4 the major part of the distribution (80%) is found in less than 8 sec.
In Condition 5, 75% of the Component B latencies was smaller than 4
sec, while 53% of the latencies in Component A was smaller than 8 sec.
The latencies for Subjects 624 and 630 reveal a similar, but less dis
tinctive pattern.

The latencies for Subejct 624 in Component A were
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Figure 4:

The percentage of total response-response latencies shorter
than 4, 8, 16, 32, and 64 seconds respectively. The un
connected points refer to Component A; the solid lines
to Component B. Data are presented for Subjects 623, 624,
and 630.
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shorter than 8 sec in 80% of all instances in Condition 2, in 76% of
all instances in Condition 3, and in 82% of all instances in Condition
4.

Fourty-four percent of all latencies in Component B were larger

than 16 sec in Condition 2, 30% in Condition 3 were larger than 16
sec, while in Condition 4, 85% of all latencies in Component B were
shorter than 8 sec.

The latencies for Subject 630 were shorter than

8 sec in 78% of all instances in Component A of Condition 3 and were
larger than 8 sec in 35% of the total in Component B.

In Condition

5, 78% were shorter than 4 sec in Component B, while 60% were shorter
than 8 sec in Component A.
It can thus in summary be stated that despite the fact that
many of the scheduled shocks were not delivered (Table 2) and despite
the fact that many of the response change-overs between components
were not intervened by shocks (Table 3), the temporal spacing of
change-over-responses in Components A and B was correlated with the
schedules of shock presentation in the two components.
Local change-over patterns were determined by manipulations in
independent variables, whose value could only be derived from an in
tegration of inter-shock intervals over an extended period of time.
The response latencies in the different components followed the
average inter-shock interval in the different components quite closely.
The time allocation data thus possibly reflect for the most part,
differences in response latencies in the different components.
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DISCUSSION

The present data show that rats will allocate different amounts
of total session time to different components of a schedule as a
function of the relative shock frequency that is presented in those
components.

They also show that the procedure that was used to in

vestigate this possible differential control by variations in shock
frequency parameters is a potentially useful one.
Several theorists have tried to explain the occurrence of behavior
under response independent schedules of shock presentation.
approaches are especially prominent.

Two

Badia and his co-workers (1973,

1976) argue on the basis of data that were obtained in experiments in
which subjects could choose between schedule components in which shocks
were signalled and schedule components in which shocks were unsignalled
in favor of a safety analysis.

Rats will allocate different amounts of

session time to different components, if different periods of shock-free
time can be discriminated in those components.

Such an analysis will

be hard pressed to account for the data obtained under the present
procedure.
time basis.

Shocks in both components were presented on a variable
No exteroceptive stimuli, except the one that indicated

which component of the schedule was in effect, were presented.

It

will be necessary, if one wants to salvage the safety analysis, to
assume that something in the sequence of events within a component
functions as a signal that indicates the start of a shock-free period
within the component.

Maybe the first shock in every component can
43
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function as such.

This seems reasonable to assume if the delay be

tween the first shock and the next shock in a series is relatively
fixed.

It becomes a difficult position to maintain if, as in the

present experiment, not only the delay to the first shock but also the
delay between the first shock and subsequent shocks is variable.

It

becomes even more difficult to accept the safety analysis as an ex
planation if, as the data show, most response initiated change-overs
occurred without any shocks intervening in either component.
Another frequently proposed explanation for the occurrence of
behavior under schedules of aversive stimulation is the notion of
shock frequency reduction that reinforces any immediately preceding
behavior.

(Herrnstein and Hineline, 1966; Herrnstein, 1969)

Typically,

experiments were conducted in which the shock frequency in effect
after a response was less than the shock frequency in effect before a
response.

In situations like these, reliable responding was developed

and maintained.

Despite some data that seem to indicate the opposite

and to which we shall return later in this discussion, the notion of
shock frequency reduction does not seem to be immediately applicable
to the present data.

No problem exists if one only considers the data

that were obtained in Condition 1 of the experiment.

It is fairly

obvious that a response in Component A led to an immediate decrease
in shock frequency.

If one considers the data obtained in the other

conditions though, it is, despite possible contaminations, hard to
accept a shock frequency reduction analysis if an animal changes
from a component with a relatively low shock frequency to one with a
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relatively higher shock frequency.

This phenomenon occurred in

Conditions 2, 3, 4, and 5.
The present procedure was developed to try to bring the area of
negative control within the conceptual framework of the matching law
that was developed by Herrnstein to account for the occurrence and
maintenance characteristics of behavior under schedules of positive
control.

It has been well established since the publication of the

geminal experiment by Herrnstein in 1961 that behavior under concur
rent variable interval schedules of positive reinforcement is a
function of the relative reinforcement frequencies that are presented
in the different components of such schedules.

The relation was,

in its simplest form, mathematically described as,

Ra + *b

ra + rb

where R and r represent response and reinforcement rates respectively,
and a and b the different schedules that are concurrently available.
Since Herrnstein's publication, it has been shown that other quantita
tive variables associated with reinforcement, such as amount of rein
forcement (Catania, 1963; Neuringer, 1967) and immediacy of reinforce
ment (Chung and Herrnstein, 1967) can be entered into the law without
altering the functional relations.

Herrnstein (1970) compiled all

research, in a theoretical framework of mathematical equations that
described behavior under the control of concurrent, multiple and
single schedules of positive reinforcement in a single format.
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defined relative response rate as the basic dependent variable and
established the continuum along which this variable changes as the
tool along which the manipulations in the independent variable had
to be measured.
The present data fit in their crude form a similar approach and
support an analysis of variables responsible for the occurrence of
behavior under schedules of negative control that was first proposed
by Baum in 1973.

Baum argued that instrumental behavior should be

viewed as a continuous exchange between an organism and its environ
ment.

Therefore, orderly relations between behavior and environmental

variables should emerge at a level that transcends the momentary rela
tions between behavior and its consequences.

Such an analysis re

quires a correlational instead of a contiguity based law of effect and
describes units of analysis that extend through time.

Baum argued,

therefore, that time allocation is a more sensitive dependent measure
than response allocation (although response allocation can be trans
formed into a time based measure) and suggested a concept called
"value" to describe the parameters of reinforcement and punishment.
A behavioral situation consists of a set of possible activities,
a set of possible events or stimuli and a set of feedback functions
determining the effects of the activities on the events.

If a situa

tion only contains response independent reinforcement or punishment,
the value of the situation solely depends on the rate of reinforcement
or the rate of punishment.

Behavior is then reinforced when instances

of behavior replace a lower valued situation by a higher valued one
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and is punished when instances of behavior lead to a transition from
a higher to a lower valued situation.

The value of a situation is

not an absolute, but a relative concept and is determined by the
alternative situations available.
The present data exemplify the theoretical notions described
by Baum.

Two situations were constantly available to the subject, one

of which always could be assigned a relatively higher value than the
other one in terms of the rate of shock presentation that was present
in that situation.The relative value of the situations changed over the
different experimental conditions.

Those changes in the relative

value of the situations became apparent in changes in the dependent
measure that was used to evaluate them.

The time allocation to the

different components in the different experimental conditions closely
followed the relative values of the components, as manipulated by the
experimenter.

It, therefore, seems reasonable to propose that the

reinforcement which produces and maintains behavior under schedules
of negative control of the sort used in this experiment can be described
in terms of a situation transition from a lower to a higher valued
situation.

The value of the situation is exemplified by the behavior

of the subject and can only be operationalized by a description of the
specific events that occur in that situation relative to the events
that occur in other concurrently available situations.

Empirical re

lations between independent variables and dependent measures under
schedules of positive and negative control can thus be treated under
a general theoretical framework.

Manipulations in independent variables
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under schedules of negative control such as signalled versus unsig
nalled shock, time-out versus no time-out from shock and delay versus
no delay to shock become secondary points on a well defined continuum.
One interesting aspect of the data deserves some more attention.
It turned out that, given the present procedure, most of the subjects
emitted very many change-over-responses. This was most obvious in
Condition 4, where change-over-responses should have been minimal
given the fact that a response in neither component would cause a
transition to a situation that was of any higher value than the other
situation.

Close inspection of the state table that was used to run

the experiment revealed an interesting fact.

The timers that timed

the delivery of shocks in Components A and B were, as can be seen in
Figure 1, stopped at the moment of a time- or response-transition to the
other component and the time value that was present at that time in the
inter-shock interval timer was reset to its currently active value.
Upon reentry of the same component the previously present inter-shock
interval would start timing over again.

One can see how a configuration

like this can induce frequent change-over behavior.

If the animal

would wait for X seconds in Component A without receiving a shock,
then make a change-over response to Component B, wait for Y seconds
without receiving a shock and then change back to Component A again,
the same inter-shock interval would still be available in Component A
and the animal could be sure that it would not receive a shock for
at least X seconds.

Transition to Component B at that point would

result in a shock-free period of Y seconds.

The data of the present
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experiment indicate that such a process may have influenced the ani
mals’ change-over behavior.

They indicate on the other hand also that

relatively more time was spent in Component B before changing over
to Component A, if the overall shock frequency in Component B was
lower than the overall shock frequency in Component A.

This suggests

that, although local contingencies influenced the rate of behavior
at specific points in time, the form of the behavior was determined by
the overall aspects of the contingencies in effect.

Improvements of

the present procedure should definitely pay close attention to the
effects on behavior of different ways of timing and interrupting the
timing of inter-shock intervals in the different components.
Several ways of scheduling the events can be suggested.

First,

one can initiate both timers at the start of the session and let them
run continuously.

Change-overs between components will not affect

the timing of the inter-shock intervals, but only the choice of the
distribution from which the shocks will be delivered.

A variation

on this theme would entail continuously running timers up to the
point where a shock was scheduled in one component while the animal
was in the other component.

At this point the shock can be saved and

delivered upon reentry of the component, with or without a change-over
delay.

Third, both timers can start at the beginning of the session,

one of them can be stopped when a change-over occurs; the current
value of the timed inter-shock interval can be stored and picked up
again upon reentry of the component.

This last procedure seems to

insure delivery of all shocks that are scheduled and seems to be a
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sufficient condition to prevent local contingencies from producing
"noise" in the measurements.
Another procedural manipulation that could possibly contribute
to a better function describing the relation between manipulations in
independent variables and dependent measures is the use of delays
at different points in the procedure.

The present experiment employed

a one-second delay after each response during which additional re
sponses were ineffective.

The rationale for this was that response

bounces should be prevented from changing components within a short
period of time.

It may well have been that the one-second delay

was unnecessary or too short, a question that can only be answered
empirically.

Others (Badia, et al., 1976) have employed different

delays after each shock, during which responses were ineffective and
would not cause situation transitions.

Although understandable in

terms of frequently reported post-shock responding, such a manipulation
would seem to interfere with the effects of environmental contingencies
upon behavior.

If post-shock responding inadvertently affects the

environment, post-shock responding should be eliminated by the contin
gencies prevailing in the environment.

For this reason, no contingen

cies, other than situation transition, were employed in the experiment
under consideration.
The present procedure has, despite its deficiencies that should
be carefully scrutinized in forthcoming research, proven to be useful
in the investigation of differential control of behavior by variables
manipulated in the environment.

At the same time, it has opened up
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the opportunity to analyze the effects of positive and negative con
trol within the same theoretical framework.

Much research in which

the suitability of the present procedure to investigate other manipu
lations such as amount of shock, shock intensity, and signalled or
unsignalled shock, is scrutinized will have to be carried out,
before definite statements can be made.
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APPENDIX A

Condition 1
VT8"/—

Condition 2
VT8"/VT32"

Condition 3
VT8"/VT16"

Condition 4
VT8"/VT8"

Condition 5
VT8"/VT4"

Subject #623
Responses
Comp B

17

30

147

162

505

405

731

838

556

456

Responses
Comp A

53

66

179

193

529

430

734

836

545

438

854
13484
14338

967
13366
14333

1999
12233
14232

1572
12682.
14201

2829
11074
13903

2767
11241
14008

6401
7312
13713

6812
6802
13614

9690
4226
13916

10011
3980
13991

102

115

160

120

167

195

439

467

1007

1074

345

363

232

278

693

618

983

918

Time Comp A
Time Comp B
TOTAL (in sec)
Shocks
Comp A
Shocks
Comp B
Subject #624
Responses
Comp B

1

5

610

535

702

652

1345

1350

1627

1122

Responses
Comp A

40

44

622

549

722

666

1337

1341

1609

1119

500
13858
14358

466
13889
14355

4327
9490
13817

4632
9240
13872

4492
9216
13708

4407
9363
13770

7078
6066
13144

7209
5907
13116

7901
5023
12924

8612
4775
13387

31

24

233

266

184

211

174

134

213

430

132

135

98

166

304

287

774

883

Time Comp A
Time Comp B
TOTAL (in sec)
Shocks
Comp A
Shocks
Comp B

Ui
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APPENDIX A

Condition 1
VT8"/—

Condition 2
VT8"/VT32"

Condition 3
VT8"/VT16"

Condition 4
VT8"/VT8"

Condition 5
VT8"/VT4"

Subject #623
Responses
Comp B

17

30

147

162

505

405

731

838

556

456

Responses
Comp A

53

66

179

193

529

430

734

836

545

438

854
13484
14338

967
13366
14333

1999
12233
14232

1572
12682
14201

2829
11074
13903

2767
11241
14008

6401
7312
13713

6812
6802
13614

9690
4226
13916

10011
3980
13991

102

115

160

120

167

195

439

467

1007

1074

345

363

232

278

693

618

983

918

Time Comp A
Time Comp B
TOTAL (in sec)
Shocks
Comp A
Shocks
Comp B
Subject #624
Responses
Comp B

1

5

610

535

702

652

1345

1350

1627

1122

Responses
Comp A

40

44

622

549

722

666

1337

1341

1609

1119

500
13858
14358

466
13889
14355

4327
9490
13817

4632
9240
13872

4492
9216
13708

4407
9363
13770

7078
6066
13144

7209
5907
13116

7901
5023
12924

8612
4775
13387

31

24

233

266

184

211

174

134

213

430

132

135

98

166

304

287

774

883

Time Comp A
Time Comp B
TOTAL (in sec)
Shocks
Comp A
Shocks
Comp B

V-n

CT»
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APPENDIX A (continued)

Condition 1
VT8"/—

Condition 2
VT8"/VT32"

Condition 3
VT8"/VT16"

Condition 4
VT8"/VT8"

Condition 5
VT8"/VT4"

Subject #625
Responses
Comp B

0

8

2

7

24

29

8

2

21

43

Responses
Comp A

37

44

33

38

43

52

14

4

13

29

898
13459
14357

1158
13185
14343

1903
12456
14359

1438
129.1.3
14351

4095
10250
14354

3580
10761
14341

5458
8912
14370

6896
7483
14379

8190
6179
14369

8974
5361
14335

74

105

189

130

464

405

647

832

980

1084

381

405

524

547

996

928

1558

1339

5

2

10

644

607

1269

1029

510

574

43

39

46

665

631

1262

1031

501

557

570
13704
14274

640
13710
14350

1016
13339
14355

1148
13205
14535

3282
10509
13791

6818
6358
13176

7063
6334
13397

8931
4999
13930

9461
4401
13862

52

69

94

106

141

223

218

314

930

923

413

404

230

256

358

482

1160

977

Time Comp A
Time Comp B
TOTAL (in sec)
Shocks
Comp A
Shocks
Comp B
Subject #630
Responses
Comp B
Responses
Comp A
Time Comp A
Time Comp B
TOTAL (in sec)
Shocks
Comp A
Shocks
Comp B

2

40

3048
10725
13773

Ui

